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Title: Adventures in plant anatomy- not just a pigment of my imagination. 
 
My initial interest in plant anatomy was aroused purely for aesthetic reasons when I 
first saw epidermal cells of flower petals. The sheer beauty of the colours and patterns 
amazed me. This article is a personal account of what I consider ‘my adventures with 
plant anatomy’, as a student and teacher and as a scientist and artist. 
 
I studied plant anatomy in a lot of detail in my undergraduate and Masters degrees in 
Pakistan. At that stage I was aspiring to become a vertebrate paleontologist and was 
more interested in zoology than botany, but it proved to be a great foundation to build 
upon once I decided to become a plant systematist. The real passion for plant 
anatomy, as a scientific discipline and an area of expertise worth pursuing, was stirred 
during my PhD when I took a comprehensive course taught by Dr. Deborah 
Canington, at the University of California, Davis, USA. Dr. Canington, who had been 
taught and inspired by Katherine Esau, was an excellent lecturer- she delivered her 
lectures by writing and drawing on a blackboard (yes, chalk and board was still very 
much in use in 1999) and making use of 35 mm slides to show us examples towards 
the end of lecture. We were not provided with lecture notes and there weren’t any 
power point slides. The practicals included a combination of observing prepared 
slides and making our own slides using free-hand sectioning and staining, 
accompanied by a lot of drawing and labeling. The activities undertaken during the 
practicals were not assessed, but we had regular quizzes and theory and practical 
exams. There is no better way to get immersed into such a subject other than having 3 
hours of lectures and 6 hours of practicals each week for 12 weeks. I wish I could 
teach a similar course, but it seems the days of intensive, specialized subjects are a 
thing of the past. 
 
When I first started teaching at QUT in 2006, not much plant anatomy or morphology 
was being taught in the basic biology degree and technical expertise in the area of 
plant anatomy at QUT had greatly diminished with the retirement of technicians and 
researchers.  The inevitable consequence was a reduction in the capability of 
undertaking any plant anatomical research, even if it utilising some of the more basic 
methods. Fortunately histopathology (animal) is a major area of research and teaching 
in the Faculty of Health at QUT. The technical expertise and training provided by the 
histology staff (especially Helen O’Connor and Felicity Lawrence) has enabled me to 
pursue my goals of trying to reinvigorate an interest in plant anatomy through 
teaching and research. 
 
Over the past 10 years I have gradually increased the theoretical and practical 
component of plant anatomy in undergraduate subjects. The exciting, but challenging, 
part has been developing suitable practicals. Most of the techniques are simple ones 
but even these have required some adjustments, such as using single-sided blades 
instead of the more suitable double-sided ones for safety reasons. Students now get to 
learn some standard techniques such as making epidermal peels and replicas and free-
hand sectioning and staining. We have purchased new prepared teaching slides in sets 
of 20 and continue to add to this collection by making new slides relevant to 
understanding the anatomy of Australian plants. In 2014, I ran a 3-day Continuing 
Professional Education (CPE) Courses in plant anatomy. Participants included 
	 2
postgraduate students, technicians and researchers from different universities, 
research institutes and the Queensland Herbarium Brisbane, and one participant all 
the way from Townsville. The participants provided overwhelmingly positive 
feedback and suggested a follow-up course in more advanced histological techniques 
(paraffin embedding, microtomy, SEM). An unexpectedly successful activity, that 
also proved somewhat challenging, involved the use of play dough to make 3D 
models of cells and tissues. I have subsequently used play dough in undergraduate 
classes to help students differentiate between different orientations of sections (such 
as radial longitudinal versus tangential longitudinal)  (Figures 1 and 2). 
 
I use a variety of histological techniques, depending on the nature of the research 
question and quality of images required for publication. Some techniques, such as 
epidermal peels and replicas, are inexpensive and allow for quick preparation of large 
number of sample and are suited for the collection of some types of data (e.g., 
stomatal counts), but don’t necessarily produce high quality images (Figure 3 and 4). 
Similarly, freehand sectioning provides a rapid method that can produce publishable 
results although the thickness of the sections cannot be controlled (hand-held 
microtomes can overcome this issue). If these simple techniques fail to provide the 
level of detail that I require, then I move on to more time-intensive techniques such as 
SEM and paraffin embedding and the use of a rotary microtome. 
 
There are numerous areas of research where an understanding of plant anatomy plays 
a significant role. Disciplines, such as plant taxonomy, rely heavily on anatomical and 
morphological observations to identify and classify plants. Other (somewhat random) 
examples include understanding the evolutionary history of plant groups (placement 
and affiliation of fossil taxa in extant lineages, adaptation of plants to different 
environments), reconstructing past climatic conditions (historical as well as on a more 
recent timescale), adaptation, defense mechanisms and structural changes in response 
to stress (drought, heat, pathogens, herbivores), improved agricultural outcomes (e.g., 
interaction between plant roots and fungal association, uptake of minerals, 
biofortification) environmental cleanup (uptake and distribution of heavy-metals), 
development of new materials (self-cleaning, adhesive, etc.). I am involved in a 
number of projects that include anatomical research, such as: 
 
 Weed biology: Leaf anatomy, ecophysiology and plasticity with implications 
for biological control of invasive weeds, such as cat’s claw creeper 
(Dolichandra unguis-cati), Madeira vine (Anredera cordifolia), bellyache 
bush (Jatropha gossypifolia). Collaborators include Richard Boyne, Joshua 
Buru and Cristina Latorre. [1-3] (Figure 4). 
 
 Evolutionary history: Phylogenetic relationships, based on morphoanatomical 
and molecular data, of the plant family Myrtaceae, with a particular focus on 
the Chilean species and a tribal level study of leaf and flower anatomy, in 
collaboration with Hernan Retamales [4, 5] (Figure 5). 
 
 Australian biodiversity and systematics: Evolutionary relationships and 
structure of grasses (subtribes Tripogoninae and Rottboelliinae), in 
collaboration with Melody Fabillo [6] (Figure 6). 
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An aspect of my involvement with plant anatomy that might actually qualify as an 
adventure has been to find ways in which to extend it to art and cross-disciplinary 
teaching. In 2014, I ran a 1-day CPE course “Plant anatomy for non-scientists and 
artists”. This turned out to be much more popular than I had thought it would, and it 
has been interesting seeing some of the resulting artwork.  I have collaborated with Dr 
Manuela Taboada (School of Design, QUT) and run a plant anatomy practical for 
students enrolled in the subject ‘Typography and Illustration’. The students have gone 
on to develop a typescript based on their observations of permanent slides or ones 
they prepared themselves. As with the CPE course, it was the first time many of these 
students worked in a science laboratory. They found the experience a novelty and 
enjoyed the hands-on activities of sectioning and staining, making their own slides 
and using a microscope. And, as I hoped, they were amazed by the purely aesthetic 
nature of what they saw under a microscope and got interested in learning a bit about 
plants in the process. More recently, another cohort of students, under the guidance of 
Associate Professor Kathi Holt-Damant (Institute for Future Environments, QUT) 
have been developing designs for meeting rooms inspired by plant structure. 
 
As many ASBS members know, I recently had a go at entering plant anatomy images 
for the QUT Nikon Small World microscopy competition Two out of three of my 
entries made it to the final list and thanks to all the ASBS votes (courtesy of Nathalie	
Nagalingum,	who	posted	 a	message	 on	ASBS	 facebook)	one of the images won the 
People’s Choice Award by a wide margin. Interestingly both images involved very 
simple techniques (epidermal scales dusted off Tillandsia and free-hand sectioned 
Orthrosanthus leaf). This “success” has inspired me to produce a series of cards and 
mugs promoting plant anatomy (Figure 7). 
 
Finding a way to combine art and plant anatomy has been particularly gratifying, 
especially given that my own interest in this subject arose due to the visual appeal of 
plant cells. I look forward to continuing with research and teaching involving plant 
anatomy. If any readers have ideas for promoting an interest in plant anatomy or 
collaborating on projects, please do not hesitate to contact me. 
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Figure legends 
 
Figure 1. Pictures from the 2014 CPE Plant Anatomy for Scientists course showing 
one’s never too old to make use of play dough. Making 3-D models of stems proved 
rather challenging and a lot more fun than we expected. (A and B) Participants 
showing their models to other groups, (C, D & E) examples of 3-D models, (F) a 
serious discussion involving play dough. 
 
Figure 2. Teaching plant anatomy. (A-C) Students from the Typography and 
Illustration class using microscopes, learning how to prepare an epidermal peel and 
making their own slide. (D) CPE Artists and non-scientists observing cytoplasmic 
streaming. (E) CPE Plant Anatomy participants observing Tanya Scharaschkin 
(arrow) demonstrating the freehand sectioning technique projected live onto overhead 
monitors. 
 
Figure 3. An assortment of plant structures and histological techniques. Structures: 
(A) epidermal hair, (B) epidermal scale, (C) vascular bundle, (D) sclereids, (E) petal 
epidermal cells, (F) silica cells, (G) hair, (H) crystal,  (I) cavity, (J) oil body, (K) 
vascular bundle, (L) epidermal long cells, (M) bulliform cells, (N) veins. Techniques 
used: (A) epidermal peel, (B) leaf scraping, (C) freehand section, (D) squash, (E) 
whole mount, (F) resin embedding, (G-J) paraffin embedding, (K) freehand 
sectioning, (L) auto-fluorescence, (M) cryofixation and cryosectioning, (N) leaf 
clearing with Safranin O stain. 
 
Figure 4. Investigation of extrafloral nectaries in cat’s claw creeper (Dolichandra 
unguis-cati) using different techniques. (A) epidermal replica, (B) leaf clearing, (C) 
epidermal peel, (D, E) transverse sections, ( F) paradermal section. (D, E & F: 
paraffin-embedded leaf blade cut at 10um thickness) 
 
Figure 5. Comparative midrib histology of Myrtaceae (paraffin-embedded leaf blade 
cut at 8um thickness, stained with Ruthenium Red and TBO) 
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Figure 6. Comparison of hydrated and desiccation tolerant leaves of Tripogon 
loliiformis, a native resurrection plant. (A) flat hydrated leaf,  (B) folded desiccation 
tolerant leaf, (C) fully expanded bulliform cells in a hydrated leaf, (D) collapsed 
bulliform cells in a desiccation tolerant leaf. Resin embedded specimens, cut at 6 um 
and stained with TBO and Ruthenium red. (E) Tanya and Melody, hard at work, 
trying to understand the orientation and arrangement of cells on the surface of T. 
loliiformis leaves, (F) the resulting leaf micromorphology play dough model. 
 
 
Figure 7. Other uses of plant anatomy. (A) Announcement of awards for the 2015 
QUT Nikon Small World Competition at “The Cube”, (B) Tanya with the People’s 
Choice Award, (C- D) “exclusive” plant anatomy merchandise consisting cards and 
mugs (Christmas presents, anyone?).  
